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海洋是地表系统最大的碳库，自工业革命以来


















到达深层［6］。已有研究表明，大约 2 /3 海洋中碳的
垂直梯度是由于生物泵而产生的，其余的 1 /3 是由
于溶解度泵产生的［7］。
较为系统地开展海洋生物泵研究可以追溯到


















会在真光层( 100 ～ 200 m) 和弱光层( 约 200 m 至
1 000 m) 的中上层被再矿化。一 般 来 说，只 有 约
5% ～25%的净初级生产量输出真光层，在大洋荒漠
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区，通常小于 10% 净初级生产量输出真光层［9］，但
在极地海域可高达 30% ～ 100%［10］。通常仅有 3%
的净初级生产量可输出弱光层，抵达无光层( 大于
1 000 m) ［8］。上层初级生产的碳约 15% 被细菌消













































( 细胞直径小于 20 μm) 同种间沉降速率相近，沉降
速率均较低，仅为 0． 15 m /d 左右，而较大体积的浮
游植物( 细胞直径大于 20 μm) 不同种类的沉降速
率变化范围是 0． 23 ～ 1． 70 m /d，沉降速率与细胞体
积呈线性正相关。在圣赫勒拿湾测量了在各种环境
条件下不同组分的浮游植物组合的沉降速率，其中
基于叶绿素 a 的浮游植物沉降速率介于 0． 00 ～
0． 91 m /d 之间，而基于碳生物量的浮游植物沉降速












0 ～ 30 m /d，而衰老细胞的沉降速率比活跃期细胞
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变化很大( 0% ～ 99% ) ，且受多种因素的影响［32］。
浮游动物群落组成、垂直迁移行为和营养模式都可
以影响粪球颗粒的丰度和组成，从而影响 POC 输出





可变性［34］。例如在赤道大西洋的 400 m 以上水层
中，浮游动物粪球有机物质含量仅占总悬浮物质量
浓度的 4%，却贡献了 400 m 层的 POC 输出通量的
99%左右［35］。在北大西洋 5 月春季藻华事件结束
后，栖 息 于 北 大 西 洋 深 处 的 桡 足 类 飞 马 哲 水 蚤
( Calanus finmarchicu) 粪球颗粒占总 POC 沉降输出
通量的 92%［36］。在挪威附近海域 200 m 以上水层，
粪球平均贡献了 11% ～ 37%，最高达 66% 的 POC
输出通量［37］。在加拿大的圣劳伦斯湾 6—9 月份浮
游动物粪球颗粒 POC 输出通量占总 POC 输出通量
的 3%至接近 100%，而在粪球 POC 输出通量最高
时期占总 POC 输出通量的比率均高于 66%［38］。此
外其他一些研究表明，在棕囊藻( Phaeocystis) ［39-40］
和颗石藻( Coccolith) ［41-42］的藻华期间磷虾( Euphau-













































1997 年 1 月，在 1997—1998 年洪保德海流北部厄
尔尼诺之前，浮游动物粪球颗粒在 300 m 深的沉积
物捕获器中占总 POC 的 5% ～ 10%，这是在浮游动




POC 输出通量的 24% ～38%。1998 年 1 月，在厄尔
尼诺后期，桡足类再次占优势，浮游动物粪球 POC












粒级的聚球藻( Synechococcus) 和原绿球藻( Prochlo-








Fig． 1 Biological pump and its response to the global change
海水变暖加快了生态系统的生物代谢过程( 如



























酸化的 CO2效应和 pH 效应，发现 CO2升高对束毛藻
( Trichodesmium) 的促进作用小于海水 pH 下降对其
的抑制作用，导致海洋酸化的净效应为抑制束毛藻
的固氮和生长，南海天然固氮生物群落的研究亦呈




























构，进而可能影响生物泵效率。Xiao 等( 2018) 基于
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的 POC 沉降过程，忽略了包括浮游动物垂直迁移、
















［1］ LE QUＲ C，ANDＲEW Ｒ M，CANADELL J G，et al． Global carbon budget 2016［J］． Earth System Science Data，2016，8
( 2) : 605-649．
［2］ LE QUＲ C，MOＲIAＲTY Ｒ，ANDＲEW Ｒ M，et al． Global Carbon Budget 2015［J］． Earth System Science Data，2015，7
( 2) : 349-396．
［3］ DUCKLOW H W． Upper ocean carbon export and the biological pump［J］． Oceanography，2001，14( 4) : 50-58．
［4］ FALKOWSKI P． Ocean Science: The power of plankton［J］． Nature，2012，483( 7 387) : 17-20．
［5］ SAＲMIENTO J L，GＲUBEＲ N． Sinks for anthropogenic carbon［J］． Physics Today，2002，55( 8) : 30-36．
［6］ BUESSELEＲ K O，BOYD P W． Shedding light on processes that control particle export and flux attenuation in the twilight zone
of the open ocean［J］． Limnology and Oceanography，2009，54( 4) : 1 210-1 232．
［7］ PASSOW U，CAＲLSON C A． The biological pump in a high CO2 world［J］． Marine Ecology Progress Series，2012，470: 249-
272．
［8］ DE LA ＲOCHA C L，PASSOW U． Factors influencing the sinking of POC and the efficiency of the biological carbon pump［J］．
Deep Sea Ｒesearch Part II: Topical Studies in Oceanography，2007，54( 5 /6 /7) : 639-658．
［9］ NEUEＲ S，DAVENPOＲT Ｒ，FＲEUDENTHAL T，et al． Differences in the biological carbon pump at three subtropical ocean
sites［J］． Geophysical Ｒesearch Letters，2002，29( 18) : 32-31．
［10］ BUESSELEＲ K，BALL L，ANDＲEWS J，et al． Upper ocean export of particulate organic carbon in the Arabian Sea derived
from thorium-234［J］． Deep Sea Ｒesearch Part II: Topical Studies in Oceanography，1998，45( 10 /11) : 2 461-2 487．
［11］ CALBET A，LANDＲY M Ｒ． Phytoplankton growth，microzooplankton grazing，and carbon cycling in marine systems［J］．
Limnology and Oceanography，2004，49( 1) : 51-57．
［12］ HEＲNNDEZ-LEN S，IKEDA T． Zooplankton respiration［M］． New York: Oxford University Press，2005: 57-82．
［13］ ZHOU K，DAI M，KAO S J，et al． Apparent enhancement of 234Th-based particle export associated with anticyclonic eddies
［J］． Earth and Planetary Science Letters，2013，381: 198-209．
［14］ WANG L，HUANG B，LAWS E A，et al． Anticyclonic eddy edge effects on phytoplankton communities and particle export in
the northern South China Sea［J］． Journal of Geophysical Ｒesearch: Oceans，2018，123( 11) : 7 632-7 650．
［15］ BIENFANG P K． SETCOL: a technologically simple and reliable method for measuring phytoplankton sinking rates［J］． Cana-
dian Journal of Fisheries and Aquatic Sciences，1981，38( 10) : 1 289-1 294．
［16］ SMAYDA T J，BIENFANG P K． Suspension properties of various phyletic groups of phytoplankton and tintinnids in an oligotro-
phic，subtropical system［J］． Marine Ecology，1983，4( 4) : 289-300．
［17］ TUＲNEＲ J T． Zooplankton fecal pellets，marine snow and sinking phytoplankton blooms［J］． Aquatic Microbial Ecology，
2002，27( 1) : 57-102．
［18］ BIENFANG P K． Phytoplankton sinking rates in oligotrophic waters off Hawaii，USA［J］． Marine Biology，1980，61( 1) : 69-
77．
［19］ LAUＲENCEAU-COＲNEC E C，TＲULL T W，DAVIES D M，et al． Phytoplankton morphology controls on marine snow sinking
velocity［J］． Marine Ecology Progress Series，2015，520: 35-56．
［20］ PAKHOMOV E A，FＲONEMAN P W，WASSMANN P，et al． Contribution of algal sinking and zooplankton grazing to down-
ward flux in the Lazarev Sea ( Southern Ocean) during the onset of phytoplankton bloom: a lagrangian study［J］． Marine Ecol-
ogy Progress Series，2002，233: 73-88．
［21］ SMETACEK V，VON BＲCKEL K，ZEITZSCHEL B，et al． Sedimentation of particulate matter during a phytoplankton spring
·480· 应 用 海 洋 学 学 报 38 卷
bloom in relation to the hydrographical regime［J］． Marine Biology，1978，47( 3) : 211-226．
［22］ QIU Y，LAWS E A，WANG L，et al． The potential contributions of phytoplankton cells and zooplankton fecal pellets to POC
export fluxes during a spring bloom in the East China Sea［J］． Continental Shelf Ｒesearch，2018，167: 32-45．
［23］ AＲMSTＲONG Ｒ A，LEE C，HEDGES J I，et al． A new，mechanistic model for organic carbon fluxes in the ocean based on
the quantitative association of POC with ballast minerals［J］． Deep Sea Ｒesearch Part II: Topical Studies in Oceanography，
2001，49( 1 /2 /3) : 219-236．
［24］ KLAAS C，AＲCHEＲ D E． Association of sinking organic matter with various types of mineral ballast in the deep sea: implica-
tions for the rain ratio［J］． Global Biogeochemical Cycles，2002，16( 4) : 1 116．
［25］ CAI P，ZHAO D，WANG L，et al． Ｒole of particle stock and phytoplankton community structure in regulating particulate or-
ganic carbon export in a large marginal sea［J］． Journal of Geophysical Ｒesearch: Oceans，2015，120( 3) : 2 063-2 095．
［26］ GUO S J，SUN J，ZHAO Q B，et al． Sinking rates of phytoplankton in the Changjiang ( Yangtze Ｒiver) estuary: A compara-
tive study between Prorocentrum dentatum and Skeletonema dorhnii bloom［J］． Journal of Marine Systems，2016，154: 5-14．
［27］ BIENFANG P K，HAＲＲISON P J． Sinking-rate response of natural assemblages of temperate and subtropical phytoplankton to
nutrient depletion［J］． Marine Biology，1984，83( 3) : 293-300．
［28］ PITCHEＲ G C，WALKEＲ D Ｒ，MITCHELL-INNES B A． Phytoplankton sinking rate dynamics in the southern Benguela up-
welling system［J］． Marine Ecology Progress Series，1989，55( 2 /3) : 261-269．
［29］ KAHL L A，VAＲDI A，SCHOFIELD O． Effects of phytoplankton physiology on export flux［J］． Marine Ecology Progress Se-
ries，2008，354: 3-19．
［30］ SMAYDA T． Growth potential bioassay of water masses using diatom cultures: Phosphorescent Bay ( Puerto Ｒico) and Caribbe-
an waters［J］． Helgolnder Wissenschaftliche Meeresuntersuchungen，1970，20( 1) : 172-194．
［31］ EPPLEY Ｒ W，ＲEID F M H，STＲICKLAND J D H． Estimates of phytoplankton crop size，growth rate，and primary produc-
tion［J］． Bulletin of the Scripps Institution of Oceanography，1970: 33-42．
［32］ WILSON S E． Mesopelagic zooplankton feeding ecology and effects on particle repackaging and carbon transport in the subtropi-
cal and subarctic North Pacific Ocean［D］． Williamsburg: the College of William and Mary，2008．
［33］ NOJI T T，ESTEP K W，MACINTYＲE F，et al． Image analysis of faecal material grazed upon by three species of copepods:
evidence for coprorhexy，coprophagy and coprochaly［J］． Journal of the Marine Biological Association of the United Kingdom，
1991，71( 2) : 465-480．
［34］ TUＲNEＲ J T． Zooplankton fecal pellets，marine snow，phytodetritus and the ocean’s biological pump［J］． Progress in Ocea-
nography，2015，130: 205-248．
［35］ GOLDTHWAIT S，YEN J，BＲOWN J，et al． Quantification of marine snow fragmentation by swimming euphausiids［J］． Lim-
nology and Oceanography，2004，49( 4) : 940-952．
［36］ GＲAF G． Benthic-pelagic coupling in a deep-sea benthic community［J］． Nature，1989，341( 6 241) : 437-439．
［37］ WASSMANN P，HANSEN L，ANDＲEASSEN I J，et al． Distribution and sedimentation of faecal on the Nordvestbanken shelf，
northern Norway，in 1994［J］． Sarsia，1999，84( 3 /4) : 239-253．
［38］ ＲOY S，SILVEＲBEＲG N，ＲOMEＲO N，et al． Importance of mesozooplankton feeding for the downward flux of biogenic car-
bon in the Gulf of St． Lawrence ( Canada) ［J］． Deep Sea Ｒesearch Part II: Topical Studies in Oceanography，2000，47 ( 3 /
4) : 519-544．
［39］ LUTTEＲ S，TAASEN J P，HOPKINS C C E，et al． Phytoplankton dynamics and sedimentation processes during spring and
summer in Balsfjord，northern Norway［J］． Polar Biology，1989，10( 2) : 113-124．
［40］ HAMM C，ＲEIGSTAD M，ＲISEＲ C W，et al． On the trophic fate of Phaeocystis pouchetii． VII． Sterols and fatty acids reveal
sedimentation of P． pouchetii-derived organic matter via krill fecal strings［J］． Marine Ecology Progress Series，2001，209:
55-69．
［41］ VAN DEＲ WAL P，KEMPEＲS Ｒ S，VELDHUIS M J W． Production and downward flux of organic matter and calcite in a
North Sea bloom of the coccolithophore Emiliania huxleyi［J］． Marine Ecology Progress Series，1995，126: 247-265．
［42］ FISCHEＲ G，NEUEＲ S，WEFEＲ G，et al． Short-term sedimentation pulses recorded with a fluorescence sensor and sediment
traps at 900-m depth in the Canary basin［J］． Limnology and Oceanography，1996，41( 6) : 1 354-1 359．
［43］ LAMPITT Ｒ，NOJI T，VON BODUNGEN B． What happens to zooplankton faecal pellets? Implications for material flux［J］．
Marine Biology，1990，104( 1) : 15-23．
［44］ FOWLEＲ S W，KNAUEＲ G A． Ｒole of large particles in the transport of elements and organic compounds through the oceanic
4 期 黄邦钦，等: 海洋生物泵研究的若干新进展与展望 ·481·
water column［J］． Progress in Oceanography，1986，16( 3) : 147-194．
［45］ 张武昌，张芳，王克． 海洋浮游动物粪便通量［J］． 地球科学进展，2001，16( 1) : 113-119．
［46］ GONZLEZ H E，SMETACEK V． The possible role of the cyclopoid copepod Oithona in retarding vertical flux of zooplankton
faecal material［J］． Marine Ecology Progress Series，1994，113: 233-246．
［47］ STUKEL M Ｒ，LANDＲY M Ｒ，BENITEZ-NELSON C Ｒ，et al． Trophic cycling and carbon export relationships in the Califor-
nia current ecosystem［J］． Limnology and Oceanography，2011，56( 5) : 1 866-1 878．
［48］ BISHOP J K，EDMOND J M，KETTEN D Ｒ，et al． The chemistry，biology，and vertical flux of particulate matter from the
upper 400 m of the equatorial Atlantic Ocean［J］． Deep Sea Ｒesearch，1977，24( 6) : 511-548．
［49］ UＲＲＲE M A，KNAUEＲ G A． Zooplankton fecal pellet fluxes and vertical transport of particulate organic material in the pe-
lagic environment［J］． Journal of Plankton Ｒesearch，1981，3( 3) : 369-387．
［50］ TOLOSA I，LEBLOND N，MAＲTY J C，et al． Export fluxes of organic carbon and lipid biomarkers from the frontal structure
of the Alboran Sea ( SW Mediterranean Sea) in winter［J］． Journal of Sea Ｒesearch，2005，54( 2) : 125-142．
［51］ IVEＲSEN M H，PLOUG H． Ballast minerals and the sinking carbon flux in the ocean: carbon-specific respiration rates and
sinking velocity of marine snow aggregates［J］． Biogeosciences，2010，7( 9) : 2 613-2 624．
［52］ SMITH S L，HENＲICHS S M，ＲHO T． Stable C and N isotopic composition of sinking particles and zooplankton over the
southeastern Bering Sea shelf［J］． Deep Sea Ｒesearch Part II: Topical Studies in Oceanography，2002，49( 26) : 6 031-6 050．
［53］ PASSOW U． Switching perspectives: Do mineral fluxes determine particulate organic carbon fluxes or vice versa? ［J］． Geo-
chemistry，Geophysics，Geosystems，2004，5( 4) : Q04002．
［54］ GONZLEZ H E，GONZALEZ H E． The role of faecal material in the particulate organic carbon flux in the northern Humboldt
Current，Chile ( 23°S) ，before and during the 1997 － 1998 El Nino［J］． Journal of Plankton Ｒesearch，2000，22 ( 3) : 499-
529．
［55］ TZIPEＲMAN E，HALEVY I，JOHNSTON D T，et al． Biologically induced initiation of Neoproterozoic snowball-Earth events
［J］． Proceedings of the National Academy of Sciences of the United States of America，2011，108( 37) : 15 091-15 096．
［56］ ＲIDGWELL A． Evolution of the ocean’s“biological pump”［J］． Proceedings of the National Academy of Sciences of the Unit-
ed States of America，2011，108( 40) : 16 485-16 486．
［57］ ＲIEBESELL U，KＲTZINGEＲ A，OSCHLIES A． Sensitivities of marine carbon fluxes to ocean change［J］． Proceedings of
the National Academy of Sciences of the United States of America，2009，106( 49) : 20 602-20 609．
［58］ WOHLEＲS J，ENGEL A，ZLLNEＲ E，et al． Changes in biogenic carbon flow in response to sea surface warming［J］． Pro-
ceedings of the National Academy of Sciences of the United States of America，2009，106( 17) : 7 067-7 072．
［59］ MANIZZA M，BUITENHUIS E T，LE QUＲ C． Sensitivity of global ocean biogeochemical dynamics to ecosystem structure
in a future climate［J］． Geophysical Ｒesearch Letters，2010，37( 13) : L13607．
［60］ STEINACHEＲ M，JOOS F，FＲLICHEＲ T L，et al． Projected 21st century decrease in marine productivity: a multi-model a-
nalysis［J］． Biogeosciences，2010，7( 3) : 979-1 005．
［61］ PIONTEK J，HNDEL N，LANGEＲ G，et al． Effects of rising temperature on the formation and microbial degradation of ma-
rine diatom aggregates［J］． Aquatic Microbial Ecology，2009，54( 3) : 305-318．
［62］ BACH L T，BAUKE C，MEIEＲ K J S，et al． Influence of changing carbonate chemistry on morphology and weight of cocco-
liths formed by Emiliania huxleyi［J］． Biogeosciences，2012，9( 8) : 3 449-3 463．
［63］ BEAUFOＲT L，PＲOBEＲT I，DE GAＲIDEL-THOＲON T，et al． Sensitivity of coccolithophores to carbonate chemistry and o-
cean acidification［J］． Nature，2011，476( 7 358) : 80-83．
［64］ BEＲGEＲ C，MEIEＲ K J S，KINKEL H，et al． Changes in calcification of coccoliths under stable atmospheric CO2［J］． Bio-
geosciences，2014，11( 4) : 929-944．
［65］ MEIEＲ K J S，BEAUFOＲT L，HEUSSNEＲ S，et al． The role of ocean acidification in Emiliania huxleyi coccolith thinning in
the Mediterranean Sea［J］． Biogeosciences，2014，11( 10) : 2 857-2 869．
［66］ ＲIEBESELL U，ZONDEＲVAN I，ＲOST B，et al． Ｒeduced calcification of marine plankton in response to increased atmos-
pheric CO2［J］． Nature，2000，407( 6 802) : 364-367．
［67］ BOYD P W，STＲZEPEK Ｒ，FU F，et al． Environmental control of open-ocean phytoplankton groups: Now and in the future
［J］． Limnology and Oceanography，2010，55( 3) : 1 353-1 376．
［68］ HUTCHINS D A，MULHOLLAND M Ｒ，FU F． Nutrient cycles and marine microbes in a CO2-enriched ocean［J］． Oceanogra-
phy，2009，22( 4) : 128-145．
·482· 应 用 海 洋 学 学 报 38 卷
［69］ HONG H，SHEN Ｒ，ZHANG F，et al． The complex effects of ocean acidification on the prominent N2-fixing cyanobacterium
Trichodesmium［J］． Science，2017，356( 6 337) : 527-531．
［70］ SHI D，SHEN Ｒ，KＲANZ S A，et al． Ｒesponse to Comment on“The complex effects of ocean acidification on the prominent
N2-fixing cyanobacterium Trichodesmium”［J］． Science，2017，357( 6 356) : eaao0428．
［71］ HUANG Y，LIU X，LAWS E A，et al． Effects of increasing atmospheric CO2 on the marine phytoplankton and bacterial metab-
olism during a bloom: A coastal mesocosm study［J］． Science of the Total Environment，2018，633: 618-629．
［72］ ＲOST B，ZONDEＲVAN I，WOLF-GLADＲOW D． Sensitivity of phytoplankton to future changes in ocean carbonate chemistry:
current knowledge，contradictions and research directions［J］． Marine Ecology Progress Series，2008，373: 227-237．
［73］ BOYD P W，HUTCHINS D A． Understanding the responses of ocean biota to a complex matrix of cumulative anthropogenic
change［J］． Marine Ecology Progress Series，2012，470: 125-135．
［74］ BOPP L，ＲESPLANDY L，OＲＲ J C，et al． Multiple stressors of ocean ecosystems in the 21st century: projections with CMIP5
models［J］． Biogeosciences，2013，10: 6 225-6 245．
［75］ XIAO W，LIU X，IＲWIN A J，et al． Warming and eutrophication combine to restructure diatoms and dinoflagellates［J］． Wa-
ter Ｒesearch，2018，128: 206-216．
［76］ USBECK Ｒ，SCHLITZEＲ Ｒ，FISCHEＲ G，et al． Particle fluxes in the ocean: comparison of sediment trap data with results
from inverse modeling［J］． Journal of Marine Systems，2003，39( 3 /4) : 167-183．
［77］ KWON E Y，SAＲMIENTO J L，TOGGWEILEＲ J Ｒ，et al． The control of atmospheric pCO2 by ocean ventilation change: The
effect of the oceanic storage of biogenic carbon［J］． Global Biogeochemical Cycles，2011，25( 3) : GB3026．
［78］ TAGLIABUE A，BOPP L，GEHLEN M． The response of marine carbon and nutrient cycles to ocean acidification: Large un-
certainties related to phytoplankton physiological assumptions［J］． Global Biogeochemical Cycles，2011，25( 3) : GB3017．
［79］ FUNG I Y，DONEY S C，LINDSAY K，et al． Evolution of carbon sinks in a changing climate［J］． Proceedings of the National
Academy of Sciences of the United States of America，2005，102( 32) : 11 201-11 206．
［80］ HENSON S，COLE H，BEAULIEU C，et al． The impact of global warming on seasonality of ocean primary production［J］．
Biogeosciences，2013，10( 6) : 4 357-4 369．
［81］ LAUFKTTEＲ C，VOGT M，GＲUBEＲ N． Long-term trends in ocean plankton production and particle export between 1960 －
2006［J］． Biogeosciences，2013，10( 11) : 7 373-7 393．
［82］ LE QUＲ C，ＲDENBECK C，BUITENHUIS E T，et al． Saturation of the Southern Ocean CO2 sink due to recent climate
change［J］． Science，2007，316( 5 832) : 1 735-1 738．
［83］ LOVENDUSKI N S，GＲUBEＲ N，DONEY S C，et al． Enhanced CO2 outgassing in the Southern Ocean from a positive phase
of the Southern Annular Mode［J］． Global Biogeochemical Cycles，2007，21( 2) : GB2026．
［84］ WANG S，MOOＲE J K． Variability of primary production and air-sea CO2 flux in the Southern Ocean［J］． Global Biogeochem-
ical Cycles，2012，26( 1) : GB1008．
［85］ BUESSELEＲ K O，LAMBOＲG C H，BOYD P W，et al． Ｒevisiting carbon flux through the ocean’s twilight zone［J］． Sci-
ence，2007，316( 5 824) : 567-570．
［86］ SUBHA ANAND S，ＲENGAＲAJAN Ｒ，SHENOY D，et al． POC export fluxes in the Arabian Sea and the Bay of Bengal: A
simultaneous 234Th /238U and 210Po / 210Pb study［J］． Marine Chemistry，2018，198: 70-87．
［87］ MAＲSAY C M，SANDEＲS Ｒ J，Henson S A，et al． Attenuation of sinking particulate organic carbon flux through the mesope-
lagic ocean［J］． Proceedings of the National Academy of Sciences of the United States of America，2015，112 ( 4 ) : 1 089-
1 094．
［88］ PICHEＲAL M，GUIDI L，STEMMANN L，et al． The Underwater Vision Profiler 5: An advanced instrument for high spatial
resolution studies of particle size spectra and zooplankton［J］． Limnology and Oceanography: Methods，2010，8: 462-473．
［89］ KIKO Ｒ，BIASTOCH A，BＲANDT P，et al． Biological and physical influences on marine snowfall at the equator［J］． Nature
Geoscience，2017，10( 11) : 852-858．
［90］ AＲCHIBALD K M，SIEGEL D A，DONEY S C． Modeling the impact of zooplankton diel vertical migration on the carbon ex-
port flux of the biological pump［J］． Global Biogeochemical Cycles，2019，33( 2) : 181-199．
［91］ BOYD P W，CLAUSTＲE H，LEVY M，et al． Multi-faceted particle pumps drive carbon sequestration in the ocean［J］． Na-
ture，2019，568( 7 752) : 327-335．
［92］ LI Z，CASSAＲ N． Satellite estimates of net community production based on O2 /Ar observations and comparison to other esti-
mates［J］． Global Biogeochemical Cycles，2016，30( 5) : 735-752．
4 期 黄邦钦，等: 海洋生物泵研究的若干新进展与展望 ·483·
［93］ SIEGEL D A，BUESSELEＲ K O，BEHＲENFELD M J，et al． Prediction of the export and fate of global ocean net primary pro-
duction: the EXPOＲTS science plan［J］． Frontiers in Marine Science，2016，3: 22．
Progress and prospects on the study of marine biological pump
HUANG Bang-qin1，QIU Yong2，CHEN Ji-xin1
( 1． State Key Laboratory of Marine Environmental Science，Fujian Provincial Key Laboratory of Coastal Ecology
and Environmental Studies，College of the Environment and Ecology，Xiamen University，Xiamen 361102，China;
2． Fujian Province Key Laboratory for the Development of Bioactive Material from Marine Algae，
Key Laboratory of Inshore Ｒesources Biotechnology ( Quanzhou Normal University) Fujian Province University，
College of Oceanology and Food Science，Quanzhou Normal University，Quanzhou 362000，China)
Abstract: The biological pump is one of the main pathway of carbon sequestration in marine ecosystems． Much pro-
gress has been made in the study of biological pump in both open ocean and marginal sea ecosystems in the past 3
decades since the implement of the JGOFS program． This review addresses the progress on the study of biological
pump，focusing on the influence of phytoplankton and zooplankton community structures，and update knowledge on
the influence of warming and ocean acidification on biological pump under the global climate changes． The review
finally makes a few suggestions for future research directions，including further study on the biological pump in con-
trasting marginal sea ecosystems，the biological processes in the twilight zone，as well as the response to global
changes． Application of new protocols and development of more reliable model were also suggested．
Key words: marine biology; marine biological pump; global changes; plankton; community structure; marginal
sea
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